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(54) Method and apparatus for 
measuring microorganism activity 

(57) Aerobic or anaerobic micro- 
organism activity fn liquid medium is 
determined by measuring eiectric 
current or potential values generated 
by electrodes contacting the 
microorganisms. Also disclosed is 
apparatus for performing such 
measurement comprising cells 9,10 
each containing cathode 3 of Pt, Ag, 
Au or Fe chlorides or oxides, 
electrolyte 8, anode 5 of one of the 



above metals in elemental form and 
liquid junction (preferably with 
membrane) 4. The anode of cell 10 is 
covered by micro-organism 
impermeable membrane (e.g. 
cellulose) 6. The activity is yielded by 
the difference between outputs of 
ammeters or potentiometers 2. An 
alternative embodiment employs two 
electrode assemblies each comprising 
a calomel electrode and two plate- 
electrodes, one plate of one assembly 
being coated with a micro-organism 
impermeable membrane. 



FIG. 1 




The drawings originally filed 
were informal and the print 
here reproduced is taken from a 
later filed formal copy. 
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The drawing(s) originally filed were informal and the print here reproduced is taken from a later filed 
formal copy. 

SPECIFICATION 

Method and apparatus for measuring microorganism activity 

5 ' The present invention pertains to a method and apparatus for reliably, simply, rapidly and 5 
continuously measuring microbial activity in a microorganism-containing liquid. 

The microorganism-containing liquid used in the present invention (hereinafter referred to as a 
culture liquor) means a culture liquor containing microorganisms or a microorganism suspension, 
prepared by separating living microorganism cells from a culture liquor and suspending the cells in 
1 0 another medium. 1 0 

More particularly, the present invention relates to a method and apparatus for measuring 
microorganism activity, wherein the electrical properties originating from microorganism itself are 
measured by an electrochemical device. 

Recently, fermentation processes are more widely being employed for the production of raw 
1 5 materials for food, medicine and the like. When such various useful compounds are produced by -15 
fermentation, it Is very Important in the effective and continuous performance of the fermentation 
process to measure the number or activity of microorganism cells in the culture liquor in each 
production step. 

Heretofore, the conventional methods for measuring the number or activity of microorganisms in a 
20 fermentation batch were: 20 
(1 ) Colony count method wherein the number of microorganism cells is determined by diluting the 
culture liquor, spraying the liquor on an agar plate medium and visually counting the number of colonies 
formed after a suitable incubation period. According to this method, it is possible to measure the 
number of microorganism cells, above all, the number of living cells. 
25 (2) Optically measuring the turbidity of culture liquor caused by a Tyndall phenomenon and 25 
estimating the number of microorganism cells from degree of turbidity. According to this method, the 
number of the existing microorganism cells can be measured. 

(3) Measuring the amount of adenosine triphosphate (ATP) enzymatically and estimating the 
number of microorganism cells therefrom. ATP, a high energy compound produced by microorganism 

30 cells in the culture liquor, can be regarded as being dependent upon the number of microorganisms and 30 
thus can be used as an index. According to this method, the number of living microorganism cells can be 
measured. 

(4) Measuring the charged metabolites in the fermentation medium by determination of electric 
impedance. According to this method, the number of living microorganism cells can be obtained. 

35 However, the foregoing known methods suffer from various disadvantages. For example, the 35 
colony count method is rather complicated in performance and operation, and it takes 24 4 8 hours of 
incubation before a count can be made. Moreover, the value obtained is not always reliable. 

The method of measuring turbidity is based on an optical measurement, and a sample must be 
optically clear and isotropic. However, in industrial practices, media containing solid matters and 

40 colored media are more frequently used. Thus, it is actually very difficult to optically make an exact 40 
measurement of the number of cells. 

According to the method wherein ATP is measured, iuciferase is caused to react with ATP, and the 
fluorescent materials thus formed are measured to obtain an amount of the corresponding ATP. As ATP 
or fluorescent materials exist in the medium it is difficult to exactly measure the amount of ATP 

45 originating from the microorganisms. As a result a reliable count of the number of microorganisms is not 45 
possible. 

The method based on electric impedance suffers from the disadvantage that the measurement 
cannot be made under some aerobic conditions. Moreover, when a sample solution contains an 
electroconductive material, no measurement can be made. Since industrial fermentation processes are 

50 usually carried out under aerobic conditions, this method has no practical use. 50 
In the cultivation of Actinomycetes and the like, many spores branch from individual cells with 
time, and many active parts appear. Similarly, the viscosity of the solution increases considerably with 
time, that is, with increasing number of cells and Increasing branched spores. In the cultivation of such 
Actinomycetes, it is very important in the cultivation control to ascertain the number (activity) of the 

55 active parts rather than the number of cells, and no useful means for measuring the active parts was 55 
heretofore known. 

As described above, the number or activity values of microorganisms so far measured according to 
any of the known methods has disadvantages, and it is the object of the present invention to realize a 
reliable and simple method for measuring microorganism activity in an industrial fermentation process. 
60 ^ has been found that, when two electrodes (an exposed surface of one electrode being covered 60 
with a microorganism-impermeable membrane) are inserted into a culture liquor the difference between 
electric current values or potential values measured by the two electrodes corresponded very well to the 
microorganism activity. 
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It has also been found that when the two electrolytic electrode systems wherein each electrode 
system is constructed from two platinum electrodes and a saturated calomel electrode, and the 
platinum electrode (anode) of one electrode system is covered with a microorganism-impermeable 
membrane are inserted into a culture liquor and the potentials between the two electrodes of each 
5 system are controlled by a potentiostat, a difference between the electric current measured by the two 5 
electrolytic electrode systems corresponds very well to the microorganism activity. 

Based upon the foregoing fundamental findings, the present invention provides a method for 
measuring microorganism activity, characterized by contacting electrode systems or electrolytic 
electrode systems with a culture liquor and measuring the electric current or potential generated by 
1 o reaction of microorganisms (cells) with the these electrodes. One typical apparatus for measuring 1 0 

microorganism activity comprises two electrode systems, each having a cathode and an electrolyte 
inside, having a liquicl junction for contact with an outside liquid and an exposed anode, in one of the 
electrode systems, the exposed anode is covered with a microorganism-impermeable membrane. A 
second embodimentof apparatus for measuring microorganism activity comprises two electrolytic 
1 5 electrode systems, each having two electrodes and a calomel electrode to keep a constant potential. 1 5 
One electrode (anode) of one electrolytic electrode system is covered with a microorganism- 
impermeable membrane. 

For use in the present invention, any electrode of platinum, silver, gold, iron, etc. can be used for 
the cathode, and any insoluble electrode of platinum, silver, gold, etc. can be used for the anode. 
20 The microorganisms whose activity can be measured according to the present invention include 20 

aerobic and anaerobic microorganisms such as bacteria, molds, yeasts, fungi, Actinomycetes, etc., and 
include all the microorganisms permitting measurement of an electric current or potential originating 
from the microorganism itself by the electrode systems or electrolytic electrode systems used. 
In the cases of bacteria, yeasts, etc., the microorganism activity measured according to the 
25 present invention corresponds very well to the number of living cells in the culture liquor, and in such 25 
cases wherein there are active parts branching from individual cells such as Actinomycetes, it 
corresponds not to the number of living cells, but more importantly to total number of active parts of the 
microorganisms or dry weight of the cells. 

The current values or voltage Values measured according to the present invention depend upon 
30 temperature, pH, etc., and thus can be adjusted, if required. Being different from the optical method for 30 
measuring turbidity and the like, the present invention obviously has advantages such as not being 
influenced by liquicl color, turbidity, etc. 

The recognition of the correlation of the amount of microorganism cells to current values or 
potential values originating from the electrodes contacted with the microorganisms, are disclosed in 
35 Analytica Chimica Acta. 98 ( 1 978), 25 — 30, authored by the inventors hereof, which description is 35 
expressly incorporated herein by reference. 

Certain specific embodiments of the invention have been chosen for purposes of Illustration and 
description, and are shown in the accompanying drawings, forming a part of the specification wherein: 
Fig. 1 is a diagrammatic illustration of one embodiment of an apparatus according to the 
40 invention; and 40 
Fig. 2 is a diagrammatic illustration of a second embodiment of an apparatus according to the 
invention. 

With reference to Fig. 1 , electrode systems designated by the numerals 9 and 1 0 are shown for 
insertion into a fermentation tank 1 1 having a stirring bar 12 and magnetic stirrer 13. Each electrode 

45 comprises a cathode 3, an electrolyte 8 inside and an anode 5. A liquid junction 4 is provided for contacl 45 
with the outside liquid. In electrode 1 0 the anode 5 is platinum and is exposed while being covered with 
a microorganism-impermeable membrane 6. This electrode measures electroactive materials other than 
the microorganism cells existing in the fermentation liquor. The liquid junction of the electrodes 9 and 
1 0, is preferably covered by a membrane (not shown) and for such purpose any membrane of low 

50 electric resistance, such as an ion exchange resin, ceramic, etc. can be used. For cathodes 3, metallic 50 
oxides, such as silver peroxide, silver chloride, silver dioxide, and the like or carbon or the like can be 
used. As the microorganism-impermeable membrane for covering the surface of exposed platinum 
anode 5 of electrode 1 0, any film such as a cellulose film or a millipore film can be used, as long as it 
can prevent the permeation of microorganism cells. 

55 Connected to electrode 9 and electrode 1 0 respectively are an ammeter or potentiometer 2, and a 55 
recorder 1 . 

Those skilled in the art will appreciate that the apparatus schematically Illustrated in Fig. 1 can be 
simplified or remodelled. If required, and can easily be microbiologically sterilized. 

In Fig. 2 an alternative apparatus according to the invention in which two electrolytic electrode 
60 systems are used is schematicaly shown. Specifically, individual electrolytic electrode systems generally 60 
indicated by the numerals 7 and 8 each have one calomel electrode 3 and two electrode plates 4, 5. The 
systems are adapted to be set in a fermentation liquor in a fermentation tank 9 having a stirring bar 10 
and magnetic stirrer 1 1 . The exposed anode 4 of system 8 is covered with a microorganism- 
impermeable membrane 6 to measure electroactive materials other than the microorganism cells. As 
65 the microorganism-impermeable membrane, any membrane such as a cellulose film or a millipore film, 65 



3 



GB 2 029 026 A 3 



or the like can be used, so long as ft can prevent permeation of the microorganism cells. The electrode 
parts of the two electrolytic electrode systems are each connected to a potentiostat 2 and to a 
recorder 1. 

As in the embodiment of Fig. 1 , the apparatus schematically illustrated in Fig. 2 can be simplified 
5 and remodelled, if required, and of course can be microbiologically sterilized. 5 
The microorganism activity in a cultivation tank is measured by an apparatus of the invention in 
the following manner. The microorganisms (living cells) and electrode active materials in the 
fermentation liquor (for example, formic acid, hydrogen, coenzyme, etc.) generate an electric current or 
potential through contact with the anode of one of the electrode systems. On the other hand, only the 
1 0 electrode active materials contact with the anode of other electrode systems to generate an electric 1 0 
current or a potential. When the culture liquor is centrifuged to remove the cells, and when an electric 
current or potential of the supernatant liquor is measured, the current value or potential value of the tw< 
electrode systems are substantially identical with each other. Furthermore, when the culture liquor is 
sterilized by steaming, etc., and then subjected to measurement, the current values or potential values 
1 5 of the electrode systems are substantially identical with each other (the current value or value itself is 15 
lowered in both cases than when the living microorganisms exist). 

The difference in the current values o: potential values measured by the two electrode systems 
corresponds very well to the microorganism activity (number of cells, etc.) as confirmed by 
measurement by a known method. Thus, the difference in the current values or potential values of.the 
20 electrode systems is regarded as an electric signal in correlation to the microorganism activity; and sue! 20 
activity determined reliably on such values. 

The same mechanism is confirmed in the case of the electrolytic electrode system. 
The exact mechanism of the phenomena and the principle has not been clarified. Yet, it is possible 
to measure the microorganism activity by measuring the electric properties originating from the 
25 electrodes contacted with the microorganism itself. 25 
The following will further illustrate the invention. 

EXAMPLE 1 

In this example, bread yeast (Saccharomyces cerevisiae ATCC 7754) is inoculated Into 1 L of a 
medium (pH 7.0) containing 40 g of glucose, 1 0 g of peptone, 5 g of yeast extract, 5 g of KH 2 P0 4 and 2 

30 g of MgS0 4 , placed in a small cultivating jar fermenter (Model MD — 26 made by Marubishi Rika Co., 30 
Ltd.) and subjected to aerobic cultivation at 37°C. 

A disk platinum electrode having a diameter of 1 cm as the anode, a silver peroxide electrode ( 1 
cm x 4 cm) as the cathode, Selemion, a kind of anion exchange membrane as a liquid junction (type 
AMV made by Asahi Glass Co., Ltd.), and 0.1 M phosphate buffer solution (pH 7.0) as an electrolyte are 

35 used as the electrode systems. Two of such electrode systems In whfch the anode surface of one of the 35 
electrode systems is covered with a cellulose membrane for dialysis are inserted in the fermenter to 
conduct measurement The relationship between the differences (Al) in current values between the 
electrode systems and number of cells at various time periods as determined separately by the colony 
method are shown in Table 1 . 

TABLE 1 
-» 

Time(hr) 3 5 8 10 12 15 

Number of living 0.25 0.55 2.0 3.9 4.0 4.0 

cells (xlOVml) 

AM/uA/cm 2 ) 0.03 0.07 0.22 0.45 0.46 0.46 



The foregoing results illustrate that there is a good correlation between the current values rhe 
number of cells. Thus, the number of cells in the culture liquor can bs simply, rapidly and continu ly 
measured by measuring a difference in the current values. 



EXAMPLE 2 

45 in this example, Lactobacillus fermentum, ATCC 9338, is inoculated into 1 L of a medium 45 

containing 1 0 g of glucose, 1 0 g of peptone, 5 g of yeast extract, 0.25 g of K 2 HP0 4 , 0. 1 g of 
MgS0 4 .7H 2 0, 0.005 g of Fe 2 S0 4 .7H 2 0, 0.005 g of MnS0 4 .4H 2 O and 0.005 g of NaCI, placed in the 
same jar fermenter as in Example 1 , and subjected to stationary cultivation at 37°C. The relationship 
between the differences in voltage values (4.V) between the two electrodes as in Example 1 in the jar 

50 fermenter and the number of cells likewise determined by colony count are shown in Table 2. en 
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TABLE 2 

Time(hr) 1 3 5 7 9 

Number of living 2.0 7,1 21 33 34 
cells (x10*/ml) 

AV^V/cm 2 ) 0.16 0.55 1.8 2.7 2.7 



The foregoing results illustrate that there is a good correlation between the voltage values and the 
number of cells. 

EXAMPLE 3 

5 In this example, Bacillus subtilis, ATCC 6633, is Inoculated on 1 L of a medium containing 1 0 g of 5 
glucose, 1 0 g of peptone, 5 g of meat extract and 5 g of NaCI, placed in the same jar fermenter as in 
Example 1, and subjected to aerobic cultivation at 37 °C. The same electrode systems as in Example 1 
are placed in the jar fermenter; and the same measurements as in Example 1 are repeated. The results 
are given in Table 3. 



TABLE 3 

Time(hr) 2 4 6 8 12 

Number of living 1.5 5.1 10 16 18 
cells (xlOVml) 

*l(/zA/cm 2 ) 0.03 0.07 0.13 0.25 0.27 



As is evident from the foregoing table, there is a good correlation between differences in the 
current values between the two electrode systems and the number of cells. 



EXAMPLE 4 

In this example, the bread yeast (Saccharomyces cerevisiae) used in Example 1 under the same 
1 5 conditions as in Example 1 is subjected to aerobic cultivation. Two units of electrolytic electrode 1 5 

systems/as shown in Figure 2, are placed in the cultivation tank. For both cathode and anode, platinum 
plates (1 x 1 cm) are used and a potential difference therebetween is set to 300 mV. One of the 
cathodes is covered with a cellulose membrane for dialysis. The differences (4l) in current values 
between the two units of the electrolytic electrode systems as compared to the number of cells (number 
20 of living cells) determined at various times separately by colony count method are given in Table 4. 20 

TABLE 4 

Time(hr) 3 5 7 9 12 

Number of living 0.23 0.51 1.2 2.9 4.1 

cells (xlOVml) 

^H^cm 2 ) 0.05 0.10 0.20 0.50 0.71 



As is evident from the foregoing table, there is a good correlation between differences in the 
current value and the number of cells. 

EXAMPLE 5 

Micromonospora olivoasterospora [ATCC 3 1 1 00] is inoculated in 1 L of a midium containing 30 g 25 
of soluble starch, 30 g of dried yeast, 3 g of K 2 HP0 4 , 1 g of KH 2 P0 4 , 0.5 g of MgS0 4 .7H 2 0, 0.2 g of 
NaCI, 0. 1 g of CaC0 3 (pH 7.2 before sterilization) and cultivated by the same jar-fermentation as in 
Example 1 under aerobic condition at 30°C. 

In the course of the fermentation, an aliquot of the broth is sampled out with time. 

When the same electrodes (1 ) as in Example 1 is inserted in these samples withdrawn, currents 30 
obtained from the electrode increase with the fermentation time. Table 5 shows the correlation between 
currents and dry cell weights of these samples. 
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TABLE 5 

Time(hr) 6 11 21 24 26 

Dry cell weight 13.6 18.6 34.5 39.8 42.5 

(mg/ml) 

Current (^A) 0.16 0.26 0.43 0.61 0.63 

The results show a good correlation between the current and the dry cell weight. 
In Actinomycetes, therefore, it is clear that the cell weight (the cell growth or the activity of the 
cell) can be simply and rapidly determined by using the same electrode system as in Example 1. 

5 CLAIMS 5 

1 . A method for determining microorganism activity in a liquid medium which comprises 
measuring the electrical properties originating from the electrodes contacted with said microorganisms. 

2. A method according to claim 1 wherein one of a current or potential originating frc n electrodes 
suspended in said liquid medium is measured as a current value or potential value. 

10 3. A method according to claim 2 wherein said measurement step is carried out by suspending in 1 0 
said liquid medium two electrode systems, each having a cathode, an internal electrolyte and a liquid 
junction and each having an exposed anode, one of said anodes being covered with a microorganism- 
impermeable membrane; and thereafter measuring one of a current value or potential value of said 
electrode systems. 

15 4. A method according to claim 2 wherein said measurement step is carried out by inserting in 1 5» 
said liquid medium an electrolytic electrode system supplied a constant potential between two 
electrodes through a calomel electrode and the same electrolytic electrode system in which a surface of 
an electrode (anode) is covered with a microorganism-impermeable membrane, and by measuring the 
differences in current between said electrolytic electrode systems. 

20 5. Apparatus for measuring microorganism activity In a liquid medium which comprises two 20 
electrode systems each of said systems comprising a cathode with an inside electrolyte having a liquid 
junction with said liquid medium a/id an exposed anode, one of said anodes being covered with a 
microorganism-impermeable membrane; each of said cathodes and anodes being arranged in parallel 
and connected to an a mmeter or potentiometer. 

25 6. Apparatus for measuring microorganism activity in a liquid medium which comprises two 25 
electrolytic electrode systems constructed and arranged for immersion in said liquid medium; each of 
said electrolytic electrode systems comprising an exposed cathode and anode and a saturated calomel 
electrode, the anode of one of said systems being covered with a microorganism-Impermeable 
membrane; the electrodes of each of said systems being connected In parallel to a potentiometer. 
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